This paper deSCribes a physiological and acoustic study of the emphatic and pharyngeal sounds of Hebrew and Arabic. The main assumption underlying this work is that the term "emphatic" deSCribes a linguistic (phonemic) feature. The aim of this paper is to investigate the main articulatory and acoustic attIibutes that correspond to this "emphatic" feature in Hebrew and in Arabic. The reason that we deal with both pharyngeals and emphatics in this work is that we believe there is something in common between the emphatic sounds and the pharyngeal consonants, In S'I (Laufer. 1986. p. 58). In particular, we believe that both classes of sounds are characterized by a constriction in the pharynx.
INTRODUCTION
This paper deSCribes a physiological and acoustic study of the emphatic and pharyngeal sounds of Hebrew and Arabic. The main assumption underlying this work is that the term "emphatic" deSCribes a linguistic (phonemic) feature. The aim of this paper is to investigate the main articulatory and acoustic attIibutes that correspond to this "emphatic" feature in Hebrew and in Arabic. The reason that we deal with both pharyngeals and emphatics in this work is that we believe there is something in common between the emphatic sounds and the pharyngeal consonants, In S'I (Laufer. 1986. p. 58) . In particular, we believe that both classes of sounds are characterized by a constriction in the pharynx.
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It is generally accepted that emphaticness is a distinctive feature in Semitic languages (Hebrew. Arabic. Ethiopic-Ge'ez). (For a survey of the Semitic languages family. see for example Rabin. 1972 .) Because our main concern in this paper is to study the phonetic realization of emphaticness. we will not go into much phonemic detail. We note. however. that the realization of this feature differs somewhat across languages. It is known. for example. that the emphatic sounds are realized as glottalized (ejective) in the Semitic languages of Ethiopia (e.g. Catford. 1977, p. 70; Ladefoged. 1971. pp. 25-28; Rabin. 1972 Rabin. , p. 1153 Ullendorff. 1955, pp. 151-157) .
As for the two Semitic languages. Hebrew and Arabic. there are several theories about the realization of emphaticness. A small minority of investigators have claimed that the phonetic difference between an emphatic sound and its nonemphatic counterpart is in the place of articulation. According to these investigators, the difference between the pairs /s s/. /1& t/, and /q k/ is that the place of articulation for the emphatics is behind that for their nonemphatic counterparts. This generalization may have grown from the commonly accepted differences between /q/ (uvular) and /k/ (velar) (see. for instance, Bergstrasser, 1972) . However. it seems unlikely that emphatics are distinguished from their nonemphatic counterparts by such differences in place of articulation. As has already been noted by . there is variation in place of articulation within both groups, and it is difficult to accept that place would also distinguish between the groups.
It has also been suggested that the difference between emphatic-nonemphatic cognates in ancient Hebrew is in degree of aspiration (Bergstrasser. 1972) . Nonemphatics were thought to involve more aspiration than emphatics. Bergstrasser based this argument on transcriptions of ancient Hebrew into Greek orthography. While there may be a systematic difference in degree of aspiration. this seems to be at most a secondary attribute of the distinction. as noted by Morag (1963) . Bergstrasser himself proposed this distinction only for ancient Hebrew. and suggested that the distinction had changed to one of velarization in modem Semitic languages.
A survey of tl..Cliterature dealing with emphatics indicates that most investigators, although some did not state so explicitly, believe that emphaticness in Hebrew and Arabic involves a secondary articulation. Secondary articulation is defined as an articulation performed separately from and in addition to the primary articulation associated with a sound. "The secondary articulation. according to definition. is less constricted than the primary articulation; if the primary articulation is constricted to the degree of 'stop: for instance. the secondary articulation can be constricted to the degree of 'fricative' or 'frictionless continuant: If the primary articulation is to the degree of 'fricative: the secondary articulation must be Wider." (Laufer. 1985. p. 83 , translated from Hebrew. For exceptions to this rule see Catford, 1977, pp. 188-189. According to Catford's definition, when there are two simultaneous articulations, an articulation in the pharynx is considered the secondary one.) In the pair /1& t/, for instance. there is one main articulation: alveolar constriction to the degree of 'stop'; the emphatic sound is differentiated from its nonemphatic cognate in that its production involves a secondary articulation in another place and with a wider constriction than for a 'stop:
Concerning the realization of the secondary articulation associated with emphaticness in Hebrew and Arabic, ideas diverge. We shall see from the literature survey that there are two main theories. We hope that the results of our investigations will throw some light on this debated subject.
The Theory that Emphaticness Is Realized as Velarization
The vast majority of the scholars who dealt with emphaticness believe that it is realized as velarization. The origin of this belief is probably Sibawayhi, one of the greatest Arabic grammarians. who lived in the eighth century. Sibawayhi's famous detailed book has been republished many times (for example, Sibawayhi, 1889 Sibawayhi, or 1975 . Although Sibawayhi sometimes uses opaque and unfamiliar terminology, the outcome of his writing is clearly that he thinks: (1) that emphaticness is a secondary articulation and (2) that it is realized as velarization, namely that the back of the tongue is constricted against the velum (see diScussion in Ghazeli, 1977, p. 6; Giannini & PettOrino, 1982, pp. 7-9) .
Probably because of Sibawayhi's stature, many accept hiS (or his followers') theory without question, and thus the word 'emphaticness' has become, for the majority of scholars, synonymous with 'velarization: See, for example, Bergstrasser (1972); Ferguson (1956 , pp. 446, 451): Gairdner (1925 : Rabin (1972 Rabin ( , pp. 1153 Rabin ( -1154 ; Segal (1928 Segal ( , pp. 20-26): U1lendorff (1955 , to name only a few. However, many of these researchers used the term 'velarization' loosely, and probably did not mean to imply that the sounds were velarized rather than pharyngealized. They are merely using a phonetic term rather than the phonemic term, 'emphatic:
A striking example of the use of "velarization" to refer to emphaticness is Obrecht's book (1968) , titled "Effects of the Second Formant on the Perception of Velarization Consonants in Arabic," A reading of it reveals that the sole aim of the book is to deal with the acoustic aspects of emphaticness. Concerning the articulation, Obrecht himself notes (e.g., p. 22) that emphaticness can be velarization or pharyngealization. and (on the same page) he states that in Lebanese, the dialect he examined, emphaticness is produced by a constriction in the pharynx. Accordingly, we argue that he should have used the term 'pharyngealization' instead of'velarization' in his title, or at least, since articulation was not his main concern, he should have used the phonological term 'emphatic:
In a recent book, Kastner (1981) cites Mar<; ais (1948) and Delattre (1971) , and probably because of their influence, he notes that dUring the emphatics there is also a constriction in the upper pharynx because of the retraction of the tongue and the constriction of the lateral pharyngeal walls. (As we shall see below, both found that there is a constriction in the pharynx dUring emphatics.) Still, Kastner does not consider the narrowing in the pharynx important, because he thinks that the emphatics are velarized ("velarisiert-gepresst," Kastner, 1981, pp. 42-43, 62) .
The theory that emphaticness is realized as velarization creates a problem for the uvular consonant [q): How can a uvular sound have a primary and a secondary articulation in the same area at the same time? Not all scholars realized the problem, but those who did, and who are in favor of velarization, have two simple answers: The first is that the [q] really should not be counted among the emphatic consonants. (As we shall see later, some scholars do not count the [q] among the emphatics, for example, Sibawayhi, 1975 .) The second solution does include the /q/ among the emphatics, but it defines emphaticness differently. According to this solution, the linguistic feature of emphaticness can be realized in two physiological ways: (1) as a secondary velarized articulation for the anterior consonants: (2) as a place of articulation difference -velar against uvular, as indicated by the notation -for /k q/.
The Theory that Emphaticness Is Realized as Pharyngealization Wallin (1855-58, p. 612) thought that the articulation for emphaticness is deep in the pharynx and larynx. He thought that the vocal folds adduct dUring the production of the emphatic sounds. He also theorized that the epiglottiS participates in emphaticness. He assumed that the epiglottis falls on the glottis like a lid and partially closes it. According to Wallin the emphatics are the five sounds [to 5' E:l-~q] , with [to) and [q) showing the highest degree of emphaticness (p. 641).
Two years after Wallin's publication, Bnicke (1860, p. 320) deSCribed the same consonants. He emphasized the role of the epiglottis in the production of the emphatics, even noting that for [to] and for [q] the epiglottis completely seals the passage of air. He 54 continued to say (p. 324) that the vowels adjacent to emphatics are never pure-high or bright: they are rather low and muffled. Briicke believed that this muffled sound is caused mainly because of the role of the epiglottis and the arytenoids. Haupt (1890) refers to the five emphatics as close consonants because. unlike Briicke. he believes that for all five of them there is a blockage between the epiglottis and the arytenoid cartilages. Haupt also mentions the change in the quality of a vowel following an emphatic consonant. although he thought that the change was due to a constriction made by the velum. Meinhof (1921. pp. 88. 96-97) refers to three processes in the production of the 5 emphatics: (1) Raising of the back of the tongue towards the velum. the movement deSCribed by Sibawayhi: (2) compression that he described as a contraction of the musculature of the hyoid bone: (3) lowering of the epiglottis. Meinhof connects processes 1 and 2: he thinks that the velarization described by Sibawayhi is the cause of the contraction of the muscles of the hyoid bone. (To our mind the contraction of the muscles of the hyoid complex are likely to cause the 'opposite' of velarizationl) Meinhof explains that Sibawayhi could have seen only the velarization. so that processes 2 and 3 are not excluded. Anyhow. according to Meinhof. emphaticness is caused by all three processes. namely: velarization. compression. and pharyngealization by the epiglottis. Panconcelli-Calzia (1924. pp. 48-49) agrees with the last two processes mentioned by Meinhof. On the whole he suggested six processes for the emphatic consonants: (1) Contraction of the muscles of the hyoid bone: (2) lowering of the epiglottis towards the glottis: (3) raising of the larynx; (4) constriction of the pharynx due to the actions of the constrictor muscles: (5) shorter bursts for the emphatics; (6) earlier voice onset after emphatics than after non-emphatics. Tur-Sinai (1937. p. 12) which is a combination of 'X: the old sign for Hebrew It I . and '0: the old sign for Ie; I. The combination of these signs is to show that "the production of Iftl is approximately the production of ItI and Ie; I pronounced together. w Tur-Sinai continues by "seeing the '(j).' the old sign for I qI. as a combination of the old signs for I 9I and Ie; I. in accordance with its old pronunciation as an emphatic I g/. as in the productions of some Yemenites and of the Acadians of ancient Babylon." (These quotations from Tur-Sinai are our translation. It is worthwhile to note that the ArabiC I q I was described as a voiced consonant by Arab grammarians. see Ghazeli. 1977. p. 12. fn. 6 . We also note that this theory of notation ofTur-Sinai cannot be applied to the third Hebrew emphatic. Iftl.) Jakobson (1957) claimed that emphatics are realized with pharyngealization. which is a contraction of the upper pharynx. Garbel (1958) also referred to them as pharyngealized sounds.
After discovering that the epiglottis is the articulator dUring the pharyngeal consonants l'fi e;I. Laufer (in a public lecture in 1980 Laufer (in a public lecture in . which was published in 1986 hypothesized that the emphatics are pharyngealized. meaning that the epiglottis performs a secondary articulation in their production. (The same hypothesis was also made by Oman. 1983.) Experimental Evidence
All the sources reviewed above have in common the fact that they were expressions of beliefs and were not based on much experimental evidence. To sum up: Most of the scholars believed that emphaticness is velarization. Only a few (and we have mentioned here all we know) challenged the common theory of velanzation. by saying that emphaticness has to do with some sort of pharyngealJzation.
Since the Second World War. there have been some studies of emphatics based on experimental data. mainly from x-ray film or spectrographic analysis. Marc;ais (1948. described by Morag, 1963. pp. 68-69, and by Giannini & Pettorino. 1982, pp. 17-18) examined the Arabic of the Maghreb (North Mrica) using a kymograph, x-ray, and photographic analysis. He found that, in the production of emphatics, the hYOid bone and the larynx are raised while the dorsum of the tongue is lowered and the root of the tongue is retracted, so much as to cause a considerable constriction in the pharyngeal cavity. Marc;ais found that this constriction is almost a complete closure.
Obrecht (1968: who, as we saw earlier. used the tenn'velarization') based his study on acoustical analysis of a Lebanese dialect. He noted that the F2 locus of emphatics (I.e.
• the value of F2 at closure or release) is in the range 1000-1400 cps. while the locus of non-emphatics ("non-velar:lzed" in Obrecht's tenninology) is about 1800 cps. In spite of Obrecht's tenniilology, his acoustical analysiS led him to conclude that emphaticness is produced by a constriction in the pharynx. at least in the dialect he examined (p. 22). AI-Ani (1970, pp. 21. 44: 1978) , from an examination of x-ray pictures and spectrograms of Iraqi and Jordanian dialects, claimed that for the emphatics there is a constriction in the pharynx and a slight retraction of the main articulation. (For a criticism of the methodological basis of these studies, see for example, Ghazeli, 1977, The study by Ali and Daniloff (1972) used high speed lateral cinefluorography with three speakers of the Baghdad Arabic dialect. Each speaker produced 48 nonsense words and 8 meaningful words. The authors concluded: (1) The posterior pharyngeal wall and the velum contribute little or nothing to emphatic sounds: (2) The main active articulator involved in these sounds is the root of the tongue. which forms a constriction in the pharynx: (3) There is no constriction with the velum. except for the emphatic [k) (pp. 100. 105).
Ghazeli (1977) based his study on cinefluorographic data from a Tunisian idiolect and on acoustic data from 12 speakers from 6 Arab countries. His conclusions are: (1) The pharyngeal sounds are articulated in the lower part of the pharynx: (2) The uvulars (q X 15) have a constriction in the upper oropharynx: (3) The emphatics have "a secondary tongue retraction midway in the pharynx between the place of articulation of uvulars and phaxyngeals" (p. 174). Ghazeli did not include /q/ among the emphatics. and we will return to this point in our discussion. Giannini and Pettorino (1982) examined one Arabic speaker of a Baghdadi dialect. and presented acoustic and radiographic data. They concluded that the emphatic/nonemphatic distinction is one of pharyngealization. Their acoustic results are that for the emphatics Fl and F2 approach each other: Fl rises and F2 lowers. F3 is almost unchanged. They interpreted their radiographic results as shOWing a constriction in the pharynx for the emphatic sounds. Morag, 1972) .
There is also diversity in the dialects of Arabic. (For a discussion of the dialectology of Arabic, see for example Blanc, 1953 , and the review by Ferguson, 1955.) We can conclude that, for the five classical emphatics It-& a-~q/, the differences are in three areas. First, dialects differ with respect to the degree to which the emphatic sounds are distingUished from their nonemphatic counterparts (e.g., Morag, 1963) . Second, dialects differ with respect to the spread of influence of emphaticness. In some dialects, there is extensive left-to-right and rtght-to-Ieft assimilation, while in others the emphaticness is more or less constrained to the original emphatic sound itself (Ali & Daniloff, 1972; Ghazeli, 1977; Morag, 1963; Rabin, 1972) . Third, the realization of the emphatics varies. Of the five classical emphatics above, all the dialects preserve, to different degrees, the It-I and 1&1 but there are differences in the other three. Most Arabic dialects exhibit only one of the phonemes I~I or la-I. Only a few dialects, like Egyptian and Lebanese, have both of them (Ghazeli, 1977, p. 68 (Ghazeli, 1977, pp. 54, 64) .
In summary, our main aim in this paper is to study the production of the emphatic sounds and to compare them with the pharyngeal consonants, Ih \'I. Using video films of the pharynx, obtained with a fiberscope, as our main source of data, we examined the hypotheSis that both the pharyngeal and emphatic consonants are consistently produced with a pharyngeal constriction, and that pharyngeal constriction is thus an articulatory feature associated with these sounds. We also refer to acoustic and radiographic data to examine this iSsue. Because we are interested in pharyngeal and emphatic sounds in general, rather than anyone language, we study speakers of both Hebrew and ArabiC whose dialects include these sounds. have Il:l pronounce it as~]!) V was taken from the set Ii e a 0 ul for Hebrew and from Ii a ul for Arabic. Altogether. there were 50 combinations for Hebrew and 42 combinations for Arabic. For real words. we attempted to include the same contrasts as for the nonsense utterances. Our aim was to include minimal pairs containing the above consonants in initial. medial. and final position in the vicinity of the phonemic vowels of the languages. Not all the possibilities are represented in the languages. Our inventory included 135 different words in Hebrew and 85 in Arabic. The Appendix lists words from these inventories. Word lists were constructed to contain place and manner contrasts among the emphatics and pharyngeals as well as between emphaticnonemphatic and pharyngeal-nonpharyngeal pairs. Each inventory word was repeated several times. In addition. sentences and connected passages were included in order to verify the validity of the articulations of the sounds included in the lists.
Subjects
In total. nine subjects participated and approximately three hundred minutes of video recordings were obtained from them (see below). Information about the subjects is summarized in Table 1 . Five of the speakers used Hebrew as their main language and were native speakers. (The dialect origin of two of them was from Yemen and of another two from Iraq. The fifth is from a General Dialect origin. but he taught himself to speak the Eastern dialect.) Three of them also served as informants for Arabic. The other four subjects were fluent speakers of Arabic. (They represent two Muslim dialects. Beirut, Lebanon and Nablus. Israel. and two Christian dialects. Baghdad. Iraq and Beer-Zeit. Israel.) Only two of them were native speakers of Arabic. and these two also served as Hebrew informants. In all. then. there were 7 informants for Hebrew and 7 for Arabic. 
We would have preferred to use only monolingual native speakers of the two languages and at least two subjects for each dialect. but availability of subjects was a problem and we chose the best available. Nevertheless. we obtained consistent results on all subjects. and therefore strongly believe that our conclusions apply to all speakers who produce emphatics.
Equipment and Procedures
Procedures were performed at Haskins Laboratories. Each subject was seated in a dental chair. where an adjustable headrest was used to support the head in a comfortable position. A flexible fiberoptic endoscope was inserted by an otolaryngologist through the nasal passage into the pharynx under light topical anesthesia. The fiber bundle was held in place outside the nares. using a clip attached to a headband. Although the level to which the fiberscope was inserted varied somewhat. it was generally at about the level of the rest position of the uvula. The fiberscope was attached to a high-sensitivity color video camera. the output of which was recorded on 3 14 inch video cassettes. Audio signals were recorded onto the video tape using a highly directional condenser microphone. as well as onto separate audio tape for purposes of acoustic analysis. DUring a run. a video monitor placed behind the subject provided a real time display of the fiberscope image. The monitor could not be seen by the subject. but was used by the experimenters to verify the placement of the fiberscope and the clarity of the image. When necessary. the position of the fiberscope was adjusted or the subject was asked to swallow or cough to clear the lens.
For analysis. the videotapes with simultaneous audio were examined using normal speed. Variable speed (slow motion). and stopped modes. Stopped mode images consisted of a single field (representing 1/60 second). We were able to step through these. and could thus examine the pharyngeal behavior in detail with 1/60 second resolution. A coding signal that appeared on the video image and was also recorded on the second audio channel allowed us to synchronize the audio and video dUring analysis. It is well known that real physical dimensions cannot normally be measured in fiberscope images. since the image is a two-dimensional representation of a three-dimensional field and lens-to-obJect distances cannot be determined. Therefore. we limited our analyses of the videotapes to qualitative observations.
Results
AnalySis of the video recordings showed that all subjects used a similar articulatmy strategy when prodUCing emphatics and pharyngeals. In particular. for both classes of sounds we found a constriction in the lower pharynx when compared with their nonpharyngeal (or nonemphatic) counterparts. In general. the narrowest constriction seems to be between the epiglottis. which tilts backwards. and the pharyngeal wall. This constriction also involves the root of the tongue. This lowering of F2 extends into the steady state region of the vowels. The transitions also show some raising of Fl for ItI (indicated by darkening of the third harmonic and weakening of the second harmonic). Similar acoustic attributes have been reported elsewhere for emphatic sounds (Ghazeli. 1977 : Giannini & Pettorino. 1982 and for pharyngeal sounds (Delattre. 1971 : Laufer & Condax. 1981 . These acoustic patterns have been shown to be consistent with pharyngeal constriction (Fant. 1970; Klatt & Stevens. 1969 : Laver. 1980 . p. 62).
G-t
As we have already noted. all the emphatic and pharyngeal sounds are made with qualitatively the same pharyngeal constriction. However. there is a great deal of variation in the degree of constriction. The greatest constriction is consistently served for the pharyngeals In l I. Figures 2a and 2b show the video images obtained dUring production of these sounds. Consistent with the observations reported by Laufer and Condax (1981) , the epiglottis. seen in the middle of Figure 2a and near the top in Figure 2b . appears to form the primary constriction dUring these sounds. To demonstrate that the constriction is directly associated with the pharyngeal segments. Figure 2c in the same phonetic environment as for IlI. Because these segments are produced in the environment of the back vowel la/. the epiglottis. seen near the middle of the figure. is tilted back and the pharynx is constricted even for I? I. However. the degree of constriction is clearly greater for the pharyngeals. Our observations on the degree of pharyngeal constriction are consistent with our premise that this is the primary articulation for pharyngeal sounds while it is a secondary articulation for emphatic sounds. For the pharyngeals. the pharynx is highly constricted and the range of variation in the degree of constriction is small. Results of the present experiment are in accord with those reported by Laufer and Condax (1981) . On the other hand. the degree of constriction is less extreme and more variable for the emphatics. Figure 3 shows examples of the pharyngeal configurations associated with different emphatic sounds in different phonetic environments for one subject. It can be seen that the range of constriction sizes is quite wide. and appears to be influenced both by manner of articulation and by vowel context. In particular, constrictions are more extreme for stops than for fricatives. and more extreme in an lal environment than in an Iii environment. However. each of these emphatic sounds demonstrates a more constricted pharynx than its nonemphatic counterpart. as illustrated in Figure 1. a. It-I We next tum our attention to the timing of pharyngeal articulation in the emphatics and pharyngeals. For pharyngeal sounds. the constriction in the pharynx is the primary articulation. In contrast. the pharyngeal constriction is secondary in emphatics. and therefore we can consider the relative timing of the primary and secondary articulations for these sounds. There is a great deal of variability in the relative timing of the primary and secondary articulations for emphatics. In utterances that demonstrated both left-to-right and right-to-Ieft assimilation. the videotapes showed that the movements associated with pharyngeal constriction began before the obstruent interval and the pharyngeal constriction persisted after the release of the obstruent. For example. the spectrogram in Figure 1d , in comparison to Figure Ie, shows that the acoustic effects of emphaticness extend both left and right around the ItI stop interval. Correspondingly, the videotapes show that the backward movements of the epiglottis and of the root of the tongue begin dUring the preceding vowel and persist dUring the following vowel.
An example where the pharyngealization lags the primary articulation is shown in Figure 4 . These 16 frames show the images at intervals of 1/60 s (I.e.. every field), or in some cases 1/30 s (every second field) through the VCV sequence in the utterance Inisim/. The first two frames are dUring the first Iii. The follOWing three frames show activity appropriate for nonemphatic lsi: The vocal folds abduct while the epiglottis remains tilted forward. at the bottom of the figure. Only in the sixth frame does the epiglottis begin to tilt backward (to the middle of the figure) for the emphatic sound. It continues to move backward during the follOWing five frames. reaching its most posterior position in the eleventh frame. The epiglottis then begins to tilt fOlWard, and in the thirteenth frame, the vocal folds are seen to be adducted for voicing for the second /il. The epiglottis continues to tilt fOlWard until the final frame. Thus, the secondary articulation begins dUring the fricative Is/ and persists into the vowel Iii. . Acoustic analysis of Inislm/ and /ill&lm/ supports the above obseIVation. Figure 5 shows some of the frames from Figure 4 , along with spectrograms of these utterances. Arrows show the approximate correspondence between the video images and the spectrogram. It is obvious from both the images and the spectrograms that the pharyngeal articulation demonstrates extensive carryover but only minimal anticipatory effects of emphaticness in this example. in that the transitions from the preceding vowel look quite similar but the transitions into the follOWing vowel show significant lowering of F2 and some raising of Fl for the emphatic member of the pair.
(It is worthwhile to mention that Figure 1 . which shows both anticipatory and carryover effects. and Figure 5 . which shows only carryover effects, were from the same subject.) 
DISCUSSION
Our results clearly show that emphatic and pharyngeal consonants share the same type of articulation in the pharynx. During production of these sounds, we saw.that the epiglottis forms a constriction with the pharyngeal walls and that the root of the tongue, at the bottom of the pharynx. also moves backward. As we expected, the main difference between the emphatics and the pharyngeals. as seen in the pharynx, is in the degree of constriction. For pharyngeals, there is a tight constriction at the epiglottis. consistent with its role as the primary articulator for these sounds. For emphatics. the degree of constriction is generally less (the pharynx is Wider) and it is more variable than for pharyngeals. There are several factors contributing to this variability in emphatics: differences in vowel environment. differences among the consonants themselves (e.g., the fricative emphatics tend to show less constriction than the stops in a similar vowel environment; compare Figures 3b and 3a or Figures 3e and 3d ). and differences between subjects (and the dialects they speak). This variability is in accord with the role of pharyngeal constriction as a secondary articulation for these sounds.
Our phySiological observations from the Videotapes are supported by our analyses of the simultaneous acoustic Signals. Observed constriction of the pharynx was always accompanied by lowering of F2 and raising of FI' which were clearly evident in the spectrograms. Variability in the degree of constriction for the emphatics was also evident in the extent of acoustic effects for these sounds. This correspondence between acoustic and articulatory data is expected on the basis of acoustical theory (Fant, 1970 , p. 215: Klatt & Stevens, 1969 . We also performed some informal experiments with an articulatory synthesizer (Rubin, Baer, & Mermelstein, 1981) to confirm that pharyngeal constriction leads to acoustic consequences similar to those we observed in this study.
With respect to the articulatory and acoustic results summarized above, all nine subjects gave qualitatively similar results: Whenever subjects had an emphatic sound in their dialects, all showed pharyngeal constriction for the emphatics in comparison to their nonemphatic counterparts in minimal pairs. In this regard, there was no distinction between Arabic and Hebrew speakers. The ubiquity of this result provides strong support for the theory that emphaticness, when produced, is realized as pharyngealization.
Our results can also be interpreted as providing evidence against the theory that emphaticness is realized as velarization. On biomechanical grounds. if there is a primary articulation at the front of the mouth (as there is for all the emphatic sounds except /q/ ) and the root of the tongue bulges backwards, then velarization cannot occur simultaneously, due to the fact that tongue volume remains constant. On the contrary, it is likely that the tongue dorsum in the velar region wil1lower rather than raise, as was in fact observed by Delattre (1971) for the pharyngeal sounds. Our results are also in accord with the claim by Ali and Daniloff (1972, p. 100) . that the term 'velarization' is inappropriate to deSCribe Arabic emphatics.
A cineradiographic film shOWing emphatic and nonemphatic productions in minimal pairS by three speakers of Muslim Damascus Arabic (Abramson, Zeichner, & Ferguson, 1962) was available to us. Viewing this film, we found that it supported the conclusions made above: Emphaticness was realized as pharyngealization and not as velarization. Although the back wall of the pharynx and the larynx were not usually within the radiographic field, it was consistently observed that the root of the tongue was drawn back for emphatics and that the tongue dorsum in the velar region was pulled down. (The film did not include /q/.) We also point out that the film prOVides evidence, from another dialect of Arabic, that when emphatics are realized, they are produced in essentially the same way for all speakers, Hebrew or Arabic.
As we noted in the Introduction, there has been some controversy about whether /q/ should be considered an emphatic sound. At the outset of this study, we decided to include / q / among the emphatics because of linguistic considerations, in agreement with a long list of other scholars (e.g.. Haupt 1890: Meinhof 1921: Rabin, 1972 : Wallin 1855 . Our results show that tl1isdecision was justified on phonetic grounds, both articulatory and acoustic. Our Videotapes and spectrograms showed that. as far as articulatory behaVior in the pharynx is concerned, the distinction between the members of the pair /q k/ is qualitatively the same as the distinctions between/t-t/ or /5 S/ , for example.
The observation that the /q/ in Hebrew and Arabic is realized as a pharyngeal secondary articulation causes us to use the symbol for pharyngealization H also with this velar emphatic. In IPA notation, (q) represents a uvular voiceless stop, while (Te) can represent a pharyngeal1zed velar voiceless stop. Thus, when 'the Hebrew or Arabic emphatics are pronounced, we should transcribe [Te) instead of (q). Our Videotapes do not show the primary place of articulation of the emphatic and nonemphatic consonants. However, if it can be shown that there is, in fact, a different place of articulation in the pair / k Te / (Le., velar-uvular), we shall define the term 'velar' as including the area from the palate to the uvula, and consider both sounds as if they are produced in the same phonemic place of articulation. I We argue that the main cause for the distinction (when it is made in Hebrew and in Arabic) is the pharyngeallzation, and that the shift of place is of minor importance, due to coarticulation.
To sum up, there are several reasons why we prefer to use /K / instead of /q/: (1) We can see that there is pharyngeallzation dUring the production of this sound. (2) We do not have enough evidence that there is a velar/uvular distinction when this sound is contrasted with /k/. (3) Even if there is a difference in place of articulation, we can argue that the difference is a secondary attribute. (4) The use of /KI instead of Iq/retains the unity between all the emphatics and their nonemphatic counterparts.
Our observations provide experimental evidence for the assertions of Jakobson (1957, p. 515) . who cites Trubetzkoy (1939, p. 125 We can draw further evidence that there is a secondary narrowing in the lower pharynx dUring the Arabic j'r. / from the radiographic study of GhazeU (1977) , who provides a schematic diagram of the x-ray image for this sound in Tunisian Arabic (p. 56). which he describes as a posterior movement of the back of the tongue. resulting in "the narrowest constriction (4 to 5 mm) taking place between the epiglottis and the back wall of the pharynx" (p. 55 (pp. 56, 69, 70, 71) show a similar constriction in the pharynx: the narrowest constriction is always between the epiglottis and the pharyngeal wall. In his conclusion. GhazeU distinguishes three places of pharyngeal constriction: at the "lower pharynx" for the pharyngeals /n. \ I; at the "upper oropharynx" for the uvulars Iq X R/; and "midway in the pharynx between the place of articulation of uvulars and pharyngeals" for the emphatics /t-&:r:I. We cannot accept this conclusion.
Our own data. from fiberoptic observations of nine subjects in contrast to GhazeU's radiographic observation of one subject. do not show a different place of articulation in the pharynx. Furthermore. GhazeU's own data do not support his conclusion. All his xray tracings (pp. 38, 40. 56. 69. 70 . 71) of his emphatics. Iql and pharyngeals show the same kind of constriction. in accord with our data and conclusion: that the constriction associated with all of these sounds is in the lower part of the pharynx. We also argue with Catford (1977) , who distinguishes two types of pharyngeal articulation. The first he terms faucal. in which "the part of the pharynx immediately behind the mouth is laterally compressed. so that the faucal pillars move towards each other. At the same time the larynx may be somewhat raised. This appears to be the most common articulatlcm of the pharyngeal approximants /n./ and IC:;I." The second type of pharyngeal articulation is said to be where "the root of the tongue. carrying with it the epiglottis. moves backwards to narrow the pharynx in a front-back dimension" (p. 163). These definitions apply to pharyngealized sounds as well: "Pharyngealized sounds involve some degree of contraction of the pharynx either by a retraction of the root of the tongue. or by lateral compression of the faucal pillars and some raising of the larynx. or a combination of these" (p. 193) . His second type of articulation is in accord with our results. But concerning his suggestion that lateral compression can be used independently from tongue retraction and tilting of the epiglottis. we could not find support in the speech of the nine subjects of this study. and not in the videotapes of the nine subjects described in Laufer and Condax (1981) .
Our results do not seem to support the claim of Laufer and Condax (1981, p. 47 ) that the epiglottis is an independent articulator. However, whether or not the epiglottis is moved by its own muscles independently from the tongue, it still functions as an articulator. We argue this because our own data, as well as those from other studies (e.g., Ghazeli, 1977) , show that the epiglottis can form the major constriction in the pharynx. The definition of an articulator is that it is the organ that moves closest toward the place of articulation (Laufer. 1985, p. 9; Smalley, 1967) . Thus, whether the epiglottis moves by itself in speech or whether it is pushed around by the tongue is not relevant for deCiding what the articulator is. The interesting question of whether the epiglottis can move independently can be best investigated using electromyography, and this is beyond the scope of the present study.
CONCLUSION
Our study rules out the theory that emphaticness is realized as velarization. The data provide evidence leading to the conclusion that emphatics in Hebrew and in Arabic (when they are produced as emphatics) are realized as pharyngealized. having a secondary articulation in the lower part of the pharynx.
Our data show that emphatic and pharyngeal sounds share, qualitatively, the same pharyngeal constriction. However. the pharyngeal constriction is the primary one for pharyngeals and a secondary one for emphatics. We also found that there is no essential difference between speakers of Arabic and of Hebrew in making these sounds.
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